Summary
Hepatitis B virus disease progression in East Asia is most frequently associated with genotype C (HBV/C). The increasing availability of HBV/C genetic sequences and detailed annotations provides an opportunity to investigate the epidemiological factors underlying its evolutionary history. In this study, the Bayesian phylogeography framework was used to investigate the origins and patterns in spatial dissemination 
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East Asia, HBV genotype C, human mobility, phylogeography, population bottleneck, SARS the different genotypes, except for genotypes D and G, which are scattered worldwide. 4 Genotype A is prevalent in Africa, North America and Europe; Genotypes B and C are the major genotypes circulating in Asia 4 and, even in the USA, are the most common among Asian patients 5 ; genotype E is prevalent in Africa; F/H in Central and South America; I in Taiwan; and J in Japan. 4, 6, 7 HBV genotype C (HBV/C), in particular, is the most prevalent genotype in almost every East Asian country, and it also accounts for a large number of infections in the USA (prevalence of 41% and 23% along the Western and Eastern coasts, respectively 5 ). In Korea, genotype C constitutes almost 100% of the infections, 8 approximately 50% in Hong Kong, 9 and 85% in Japan. 10 In Mainland China, genotype C is predominant in the and C4 in the Aborigines from Australia.
14 Chronic infection with HBV/C has been associated with significantly higher risk than with other genotypes for progression to LC and HCC. 15, 16 In Taiwan, in particular, chronic hepatitis and HCC are still the 9th ranking cause of death. 16 Indeed, several studies have suggested that disease outcomes are related to specific genetic variants. [17] [18] [19] Due to the disease activity and the risk of HCC development with which HBV/C is associated, it is important to investigate the molecular evolution and demographic history of this genotype in highly endemic countries notably the high prevalence of genotype C in USA and the prevalence (14.8%) of chronic HBV infections among Asian immigrants who likely acquired infections in their country of origin. 20 We consider this as an Asianrelated infection network, and therefore the HBV/C sequences from USA will be included in the study. Previous studies based on Bayesian coalescent analysis estimated the HBV evolutionary rate to be approximately 10 −4 -10 −5 nucleotide substitutions/site/ year 21, 22 and traced back the time of the most recent common ancestor (tMRCA) of the currently circulating human genotypes to ~1500 years ago, which in turn separated from the avian HBV lineage ~6000 years ago. 21 However, specific genotypes, or lineages within genotypes responsible for current outbreaks, may have a more recent origin, and their successful spread could be the result of specific historical or geopolitical correlates during the past decades potentially related to an unprecedented increase in human mobility. Therefore, our main objective was to infer the origin and epidemic history of HBV/C in East Asia and investigate ecological factors affecting dissemination and epidemic outbreaks of the virus.
| MATERIAL S AND ME THODS

| HBV data set selection
We mined the GenBank database (https://www.ncbi.nlm.nih.gov) to compile a comprehensive data set of all currently available HBV/C sequences. The gold standard method for HBV genotyping is wholegenome sequencing followed by phylogenetic analysis. 23 Therefore, to infer a reliable demographic history of HBV/C, we focused on fullgenome sequences with known sampling time and country of origin Sequences included in the final data set were required to satisfy the following criteria: nonrecombinant sequences with no uncertainty concerning genotype assignment; sequences isolated only from human serum or plasma (sequences from liver tumour were excluded to avoid the potential confounding factor of tissue-specific convergent evolution of sequences sampled from different patients);
sequences not epidemiologically linked (ie, not linked through a direct transmission chain); and when multiple sequences from the same subjects were available, only one sequence was randomly selected. Genotyping classification was confirmed by phylogenetic analysis using Neighbor Joining (NJ) tree reconstruction, with the GTR nucleotide substitution model, gamma-distributed rate heterogeneity among sites (GTR + G), and 1000 bootstrap replicates, from an alignment including the full-genome sequences obtained from GenBank and well-established genotype (A to J) reference strains (accession numbers shown in Table S1 ). Calculations were carried out within MEGA6 software. 24 Data collection times of HBV sequences included in the full-genome data set (n = 429) spanned from 1992 to 2010. To ensure that a specific country was not falsely over-represented in the alignment, a sampling ratio was calculated using the proportion of genotype C in chronic HBV cases (China 53%, Korea 98%, Japan 85%, Taiwan 32%, USA 41%) normalized by HBV prevalence in the general population of each country (China 10%, 25 Korea 5.9%, 26 Japan 4%, 27 Taiwan 15%, 28 USA 15%, 20, 29 which resulted in a sampling ratio China:Korea:Japan:Taiwan 
| NJ and ML phylogeny and gene flow analysis
The best-fitting nucleotide substitution (GTR + G) model was selected using a hierarchical likelihood ratio test within PAUP* v4.0. 
| Molecular clock signal test and Bayesian coalescent inference
To assess the molecular clock signal carried in the temporally sam- select the best-fitting clock/demographic model. 34 In practice, following the original work of Kass and Raftery, 35 any two models can be compared to evaluate the strength of evidence against the null hypothesis (H 0 ) defined in the following way: 2lnBF < 2 indicates no evidence against H 0 ; 2-6, weak evidence; 6-10: strong evidence, and 
| Bayesian phylogeography
In ML and NJ trees, the putative location of each ancestral lineage (internal branch) was inferred by assigning a discrete character to each sequence corresponding to the country of origin and reconstructing ancestral states by maximum parsimony. A more in-depth phylogeographic analysis, incorporating both spatial and temporal information, was also performed with BEAST 36 using a discrete trait, symmetric substitution model with Bayesian stochastic search variable selection (BSSVS). The MCC tree was converted to a keyhole markup language file (KML file) using SPREAD 37 software and projected onto a geographical map using Google Earth (available online: http://www.google.com/earth) to produce a graphical animation of the estimated spatiotemporal patterns of HBV/C evolution.
Longitude and latitude of each centre of the cities or countries were marked orderly in a text-delimited file for SPREAD.
| Human mobility data in East Asia
The entry numbers at customs arrival point of Eastern Asian countries, as well as departure trends, were collected from a number of national databases (see below) to evaluate potential correlations between viral demographic history and human mobility during the past two to three decades (depending on available data for each country).
Human mobility data in Taiwan, collected 
| RE SULTS
| HBV/C phylogeny and viral gene flow
The NJ tree inferred from genotype C full-genome sequences was rooted with genotype B strains (see Figure 1 ). Chinese sequences of HBV/C are closest to the root, followed by lineages belonging to
Taiwan, Japan and the west coast of the USA. The Japanese strains gave further rise to lineages belonging to Korea. The results were confirmed by the ML tree ( Figure S1 ), which exhibits a similar to- 
| HBV/C Bayesian phylogeography
In order to investigate the timeframe of HBV/C spatial dispersion patterns in East Asia within the Bayesian coalescent framework, we selected from all available full-genome sequences a random sub-sample according to the relative ratio of HBV/C prevalence in each country (Table S1) . A root-to-tip regression plot was inferred from the ML tree to test for the presence of temporal signal required for accurate reconstruction of node ages within the Bayesian phylogeny. The regression slope was positive, with a correlation F I G U R E 1 NJ tree reconstructed of HBV/C full-genome sequences from East Asia countries and USA. The bootstrap values on branches provide statistical support of lineage clustering. Phylogeographic distribution and direction were determined using outgroup-rooting of genotype B sequences. Countries are specified according to colour. Clades of lineages belonging to the same geographic location were compressed into cartoon triangles BEAST, using PS/SS methods to estimate the marginal likelihood, indicated that the relaxed molecular clock with gamma distribution and nonparametric Skygrid demographic models best fit the data (Table 1) . Evolutionary history reconstruction using these models revealed a median evolutionary rate for the HBV/C full genome of 5.6 × 10 −4 subs/site/year (95%HPD: 4.0 × 10 −4 -8.0 × 10 −4 subs/ site/year), in agreement with previous estimates. 21 The overall topology of the Bayesian maximum clade credibility (MCC) tree ( Figure 3A ) inferred from the data set is almost the same as ML and NJ phylogenies inferred from the full data set (Figure 1 and Figure   S1 ). The majority of the available strains (99.5%) clustered within 
TA B L E 1 Bayes Factors comparison of coalescent models for the HBV/C data set
| HBV/C population dynamics and human mobility
Similar to the data set including all lineages, the relaxed molecular clock and nonparametric Skygrid demographic prior were determined to be the best-fitting models when sequences of each of the three major lineages described in the previous section were analysed separately (Table 1) . Skygrid plots display changes in virus effective population size (Ne), which is a measure of viral diversity and is related to the number of new transmissions (incidence) over the sampling time period. 38 The population demographic history, or changes in Ne over the evolutionary history in question, of lin- 
| D ISCUSS I ON
The prevalence and dynamics of HBV/C infection are a major public health concern in East Asia. Our study resulted in two significant findings. First, we showed that during the past three decades The fast transmission and high mortality rate (9.6%) 44 caused worldwide attention. During the 2003 SARS outbreak, hospitals with SARS cases and healthcare workers had been segregated. 45 Thousands of people had been isolated in hospitals including medical staff. People who had the possibility of being in contact with SARS patients were requested to be isolated in their homes. 46, 47 Under this social at- Since 1995, when successful vaccination programs started to curtail the number of "mother-to-infant" transmissions, overall HBV prevalence has been decreasing, especially in Japan. 48 
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